M yofascial pain syndrome is a common painful condition encountered in the general population. It is a localized muscle condition that presents with skeletal muscle pain and stiffness. Typically, it is defined by the presence of trigger points in specific musculature. Myofascial trigger points are hypersensitive, palpable, and focal taut bands of muscle. Upon palpation of myofascial trigger points, they can produce radiating, referred pain and muscle twitch. 1, 2 Despite myofascial pain syndromes being quite common, they are most often underdiagnosed or misdiagnosed conditions. 3 The exact pathophysiology and etiology of myofascial trigger points and myofascial pain syndrome are still unknown. However, many proposed mechanisms have been studied and reported in the literature. It has been suggested that the development of myofascial trigger points is related to an excess release of acetylcholine, leading to sustained contraction of the muscle and formation of a trigger point. 4 This sustained contraction of muscle can lead to a significant increase in the concentration of inflammatory and nociceptive transmitters within the trigger point, as measured by real-time microdialysis in a landmark study by Shah et al. 5 Persistent peripheral muscle nociceptive activation by these inflammatory and nociceptive compounds is converted into a permanent stimulus that facilitates pain neurotransmission and leads to central sensitization and glial activation. [6] [7] [8] Traditional therapeutic approaches for the treatment of myofascial pain have included pharmacotherapy (nonsteroidal anti-inflammatory drugs, steroids, tricyclic antidepressants, vasodilators, oral skeletal muscle relaxants), injection therapy (trigger point injection of local anesthetic with and without corticosteroid, or "dry" needling), physical therapy, and behavioral modification. 9 At best, long-term benefit with the aforementioned therapies is transient, and treatment outcomes may also be incomplete or nonexistent, with varying degrees of improvement. [10] [11] [12] [13] [14] Botulinum toxin type A (BoNT-A) injections may offer advantageous treatment for myofascial pain as its effects are prolonged (3-4 months duration) compared with traditional modalities, including trigger point injections, whose effects tend to be exerted over a much shorter time period (several days duration). 15 While physical therapy has been shown in many studies to be beneficial for myofascial pain syndrome, 2, 16 some patients have difficulty completing physical therapy due to severe, refractory pain, and spasm. Thus, the sustained muscle relaxation as a result of BoNT-A leading to prolonged pain relief may allow a patient to be able to better participate in physical rehabilitation, which will aid in long-term recovery and pain relief. 9 Over the past few decades, BoNT-A has been used clinically to significantly improve and manage certain Copyright © 2014 International Anesthesia Research Society DOI: 10.1213/ANE.0000000000000192 BACKGROUND: Myofascial pain syndrome is a regional condition of muscle pain and stiffness and is classically characterized by the presence of trigger points in affected musculature. Botulinum toxin type A (BoNT-A) has been shown to have antinociceptive properties and elicit sustained muscle relaxation, thereby possibly affording even greater relief than traditional strategies. Our goal was to determine whether direct injection of BoNT-A into painful muscle groups is effective for cervical and shoulder girdle myofascial pain. METHODS: An enriched protocol design was used, wherein 114 patients with cervical and shoulder girdle myofascial pain underwent injection of BoNT-A to determine their response to the drug. Fifty-four responders were then enrolled in a 12-week, randomized, double-blind, placebo-controlled trial. Pain scales and quality of life measures were assessed at baseline and at routine follow-up visits until completion of the study after 26 weeks. RESULTS: Injection of BoNT-A into painful muscle groups improved average visual numerical pain scores in subjects who received a second dose of BoNT-A compared to placebo (P = 0.019 [0.26, 2.78]). Subjects who received a second dose of BoNT-A had a reduced number of headaches per week (P = 0.04 [0.07, 4.55]). Brief Pain Inventory interference scores for general activity and sleep were improved (P = 0.046 [0.038, 3.700] and 0.02 [0.37, 4.33], respectively) in those who received a second dose of BoNT-A. CONCLUSION: BoNT-A injected directly into painful muscle groups improves average pain scores and certain aspects of quality of life in patients experiencing severe cervical and shoulder girdle myofascial pain. (Anesth Analg 2014;118:1326-35) movement disorders, spasticity, and syndromes of autonomic hyperactivity. 17 BoNT-A has been shown to be an analgesic, with direct antinociceptive effects in an inflammatory pain model. 18 It has also been shown that BoNT-A directly inhibits the release of pain mediators, such as substance P, bradykinin, calcitonin gene-related peptide, and glutamate. 19, 20 Prospective, placebo-controlled studies in humans evaluating the efficacy of BoNT-A for the treatment of myofascial pain are limited, with variable results. 21 Results from these studies are conflicting due to the differences seen in multiple methodologic variables, including diagnostic selection and eligibility criteria, muscles injected, injection procedure, number of trigger points injected, dose of BoNT-A used, control group treatments, outcome measures, and length of follow-up. 8 The goal of this study was to determine the analgesic effect of BoNT-A injections directly into painful muscle groups in the treatment of cervical and shoulder girdle myofascial pain using an enriched protocol design.
METHODS Subjects
After receiving approval from the IRB at the David Geffen School of Medicine at the University of California, Los Angeles (UCLA), subjects were recruited at the UCLA Pain Management Center from 2005 to 2010. Upon meeting inclusion and exclusion criteria, subjects were enrolled to participate in the study. All subjects gave written informed consent to participate in research.
Enrollment in the study was restricted to male or female patients, ages 18 to 65 years, with myofascial pain of the neck and shoulders of at least 8 months' duration. Painful muscle involvement included scapular stabilizers, anterior neck flexors, and posterior cervical musculature. Other inclusion criteria were as follows: a Visual Numerical Scale (VNS) pain score 4 or higher at baseline, no previous treatments with BoNT-A, willingness to discontinue all pain medications except ibuprofen and tramadol for the duration of the study, and women of child-bearing potential must be using a reliable means of contraception and have a negative urine pregnancy test before participation. Exclusion criteria were the following: history of injections of BoNT-A (any serotype), pregnant or breastfeeding women, history of alcohol or drug abuse, use of investigational drugs within 1 month of study, significant medical or psychiatric disease, and no new medications or change in medications within 2 months of screening or throughout the study.
Study Design
This study can be characterized as using an enriched protocol design 22 (Fig. 1 ), wherein all enrolled subjects received 1 BoNT-A injection during the first phase of the study. Six weeks after this injection, subjects were categorized as having a clinically significant response to BoNT-A if they had a reduction of 2 points or more or a 30% reduction in the VNS compared to baseline. 23 Subjects deemed to be "responders" to BoNT-A then entered the second phase of the study. The second phase of the study was prospective, randomized, double-blind, and placebo-controlled. Subjects entering the second phase of the study were randomized to receive either BoNT-A or saline injection into painful muscle groups of the neck and shoulders at 14 weeks after the first injection.
Assessment visits during the first phase of the study were done at baseline, 6, and 12 weeks after the first injection. Assessment visits for the second phase of the study were done at 6 and 12 weeks after the second randomized injection. At each assessment visit, the subject had a physical examination and was administered pain scales and questionnaires. The monitoring intervals were chosen to capture peak treatment effects based on clinical practice experience and observations.
Randomization, Blinding, and Rating Scales
Randomization, blinding, and drug preparation were performed by the UCLA Investigational Pharmacy. Each subject identified their areas of pain by marking an anatomical head, neck, and shoulders diagram. The primary outcome measure for pain was characterized by intensity using a VNS from 0 to 10 in the Brief Pain Inventory (BPI). 24 This was self reported by the patient as "best," "worst," and "average" pain scores "over the last 24 hours."
Postural analysis, health-related quality of life, disability, and headache were assessed as secondary outcomes. Physical examinations were performed on each patient to evaluate for physical signs of myofascial pain, including the number of trigger points and their locations, forward head syndrome, 25 internal rounding of shoulders, and range of motion of the cervical spine. Health-related quality of life was assessed as a secondary outcome using the 36-item Short-Form Health Survey (SF-36) 26 and interference outcomes from the BPI. 24 Disability as a secondary outcome was assessed via the Neck Disability Index (NDI). 27 Finally, the presence, frequency, and duration of headaches were evaluated as secondary outcomes through patient report.
Dosing Paradigm
At least 2 weeks before the first injection, subjects were weaned from their existing pain medications, with the exception of as needed tramadol or ibuprofen. Throughout the duration of the study, subjects were allowed to use this pharmacologic regimen as needed. During the first phase of the study, all subjects received injections of BoNT-A. The same dosing and injection techniques from the first phase of the study were used in the second phase of the study. For the second phase of the study, subjects received either placebo (saline) or BoNT-A into each painful muscle in a randomized, double-blind fashion.
A fixed pattern, variable dose injection paradigm was used ( Table 1 ). Anterior neck flexor and posterior neck extensor painful muscles were always injected, and scapular stabilizer muscles were never injected, due to concern for possible weakness and worsening of the pain. Only painful muscles were injected in the mid-belly, irrespective of the presence or absence or location of trigger points. BoNT-A was prepared for injection by placing 4-mL sterile saline in a 100-unit vial to make a dilution of 25 units/mL. A maximum of 300 units was injected in any subject, using a 27-gauge needle affixed to an insulin syringe inserted to a depth of 1 cm. Specific doses of BoNT-A were administered depending on the muscle being injected (Table 1) (Table 1 ). For instance, if a subject reported more intense pain on 1 side, the operator could increase the dose on that side at his or her discretion.
Statistical Analysis
All statistical analyses were performed using JMP 10 (Cary, NC), IBM SPSS V22 (Armonk, NY), and R 3.01 (www.R-project.org; Vienna, Austria). Categorical demographic variables were compared using the χ 2 test or Fisher exact test as appropriate. The Student t test was used to compare quantitative variables between the BoNT-A and placebo groups. Before analysis, histograms were performed for the outcome data to determine the appropriate analysis. All outcome data were found to be approximately normally distributed, which allowed us to use parametric analytic methods for inferential purposes. The Student t test was used to measure the significance of mean change for the study drug versus placebo for the primary and secondary outcome measures from week 26 to baseline and week 26 to week 14. To compare mean average BPI VNS scores over time between the BoNT-A and placebo groups, a generalized estimating equation (GEE) model with an autoregressive correlation structure was used. The terms of the GEE model were time, group, and a group/time interaction. Residual analysis on this model was performed, and no violations were apparent. The correlations between the BPI VNS response variables were calculated using the Pearson correlation coefficient.
Unless otherwise indicated, the mean ± SD was reported as the measure of central tendency for parametric data. The median with range was reported as the measure of central tendency for ordinal data. A P value of ≤0.05 was chosen to indicate statistical significance. False discovery rates were computed for Tables 5 and 7 to correct for multiple comparisons using the R software (qvalue package).
RESULTS
One hundred fourteen subjects were enrolled in the study and underwent injection of BoNT-A during the first phase. No a priori power analysis was performed, and enrollment was ceased at 114 patients because the supply of BoNT-A had been exhausted. No interim analyses were performed. At the 6-week follow-up visit, 57 subjects were determined to be responders and 57 subjects were nonresponders.
Of the subjects characterized as responders, 29 were randomized to receive a second BoNT-A injection and 25 were randomized to receive placebo injection. One subject who was a responder withdrew from the study before the second phase because she desired to become pregnant. Another responder was withdrawn from the study for cervical muscle weakness and began a workup for myasthenia gravis. A subject who was a responder was withdrawn from the study when the patient was found to be abusing illicit drugs. Data for these subjects were not used in the statistical analysis for demographic and inferential purposes.
Demographics
Demographic data for the study populations from the first and second phase of the study are presented in Tables 2 and  3 , respectively. There was no difference between the placebo group and the BoNT-A treatment group at baseline with respect to age, gender, height, ethnicity, weight, duration of pain, history of cervical fusion, history of injury at work, history of pain after motor vehicle accident, history of pain after other injury, baseline average VNS pain score, Beck Depression score, prior positive response to trigger point injections, or involvement in litigation or workers compensation cases. Thus, at week 14 (blinded injection), the subjects to be injected were a homogeneous group with respect to demographics.
Analysis of Outcomes: Entire Study
Pain outcomes as assessed by VNS scores from the BPI were analyzed to determine differences between treatment groups from each visit compared to the baseline visit. The week 12 assessment visit was not compared to baseline between BoNT-A and placebo groups because at that visit all patients had only received BoNT-A. The week 20 assessment visit did not have significant differences compared to baseline for pain score outcomes. As noted in Table 4 and Figure 2 for week 26 compared to baseline, subjects .460]). No significant changes in "best" VNS pain scores or NDI were found. There were no significant differences between BoNT-A and placebo groups using the SF-36 scale for quality of life measures (Table 5 ) comparing week 26 to baseline. However, as noted in Table 5 , improvement in the interference scores for general activity (P = 0.046 [0.038, 3.700]) and sleep (P = 0.02 [0.37, 4.33]) were found in subjects who received BoNT-A compared to placebo. Other BPI interference scores that appeared to trend with an improvement of a larger degree in the BoNT-A group compared to placebo over the 26-week time period were mood, work, and enjoyment.
There were no significant associations found between treatment groups and physical examination findings, such as internal rounding of shoulders, forward head syndrome, 25 coracoid-to-tragus measurements plumb line, and number of painful trigger points.
Subjects who received BoNT-A had a reduction in the number of headaches experienced per week (P = 0.04 [0.07, 4.55]) ( Table 5) , when comparing week 26 to baseline. A decrease in the worst headache VNS pain scores from week 0 to week 26 (P = 0.07) was found to trend toward a greater reduction in the BoNT-A group compared to placebo. Best and average headache VNS pain scores and duration of headache were not found to have any significant change between treatment groups from week 26 compared to baseline.
To compare mean average BPI VNS scores over time between the BoNT-A and placebo groups, a GEE model was used. The terms of the GEE model were time, group, and a group/time interaction. The group effect tests whether there was an overall mean difference between BPI pain scores between the BoNT-A and placebo groups over time.
The hypothesis was not that there was an overall difference in the BPI pain scores between groups, but that the decrease in BPI pain scores was "steeper" in the BoNT-A group than the placebo group over time (interaction term). From the GEE model, we found a significant time × treatment interaction (−0.27 [0.51, −0.03]); P value = 0.028. This means that for each timepoint, the difference in mean average BPI VNS score between BoNT-A and placebo decreases by about 0.27 units. Thus, in the presence of a significant interaction term, the group main effect is no longer relevant because the interaction term is telling us that the group effect does matter and that it depends on another variable, time. The interpretation of this finding is that both groups decrease over time, but that the BoNT-A group decreases significantly more than the placebo group over time.
Outcomes Analysis: Phase 2
The second phase of the study was analyzed separately from the first phase of the study to determine whether there was further significant improvement that could be appreciated after a second dose of BoNT-A. The week 26 visit was compared to the week 12 visit (this visit can be considered the "new baseline" because all patients entering the second phase of the trial had received BoNT-A).
Analysis of the outcome measures to distinguish an effect of the BoNT-A injections revealed that there was a significant decrease in the average (P = 0.02 [0.30, 2.91]) and worst (P = 0.03 [0.21, 3.86]) VNS pain scores from week 26 to week 12, as measured by the BPI in the BoNT-A-injected group compared to placebo ( Table 6 ). No other significant changes were found in best VNS pain scores, postural analysis, and NDI.
Physical functioning as measured by the SF-36 scale was found to be significantly different in those who received placebo compared to BoNT-A, indicating that physical functioning worsened after they received a placebo injection (P = 0.02 [−1.30, −0.16]) ( Table 7) for week 26 compared to week 12. The General Health SF-36 quality of life outcome appeared to trend toward improvement compared to 
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Efficacy of Botulinum Toxin Type A for Myofascial Pain placebo (P = 0.10). No other significant associations were found with regard to quality of life outcomes using the SF-36 or BPI interference scores. Subjects who received placebo were found to have an increased number of headaches per week compared to subjects who received BoNT-A injection (P = 0.049 [0.007, 3.61]) ( Table 7) . There was a decrease in the worst headache VNS pain scores from week 26 to week 12 (P = 0.08) in those who received a second dose of BoNT-A; however, an increase in this pain measure was found in those who received placebo injection. Best and average headache VNS pain scores and duration of headache were not found to have any significant change between treatment groups.
False discovery rates were computed on the 4 exploratory secondary outcome measures as found in Tables 5 and  7 , to assess the possibility of false positives from running multiple tests. The calculated FDRs for these Tables were 16.1% and 19.6%, respectively. With the FDRs in this range, this allows for a reasonable level of confidence that there is an overall treatment effect signal within the secondary outcome measure analyses. Thus, among the results found to be significant by the traditional standard alpha level of 0.05, it can be expected that a clear majority (80%-85%) of these are true effects rather than false positives.
DISCUSSION
The results of this study suggest that injection of BoNT-A into painful muscle groups of the neck and shoulder area improves pain relief in subjects with cervical and shoulder girdle myofascial pain syndrome. In a study by Ferrante et al., 9 no significant improvement in cervicothoracic myofascial pain was found when patients underwent injection of BoNT-A directly into painful trigger points. The conclusions of that study were 2-fold in the mechanism of inefficacy: either BoNT-A lacked efficacy in treating cervicothoracic myofascial pain or the lack of efficacy could be methodological, meaning the optimal way to treat myofascial pain with BoNT-A is to not inject directly into trigger points. The latter conclusion is most likely, given the findings of our present study. Our results advocate using a combined follow-the-pain and pattern injection technique in lieu of direct trigger point injections.
The enriched protocol design used for this study is unique and may have advantages over the standard randomized clinical trial design for studies evaluating the effect of an intervention for chronic pain. 22 One advantage is that it provides information of a response rate after phase one of the study. In our study, 50% of subjects were characterized as responders. This is useful information in its own right, as it serves to be an important predictor of what will happen with the drug in clinical practice. 28 In addition, in standard randomized clinical trials, there is always the possibility that the true effect size may be underestimated due to the inclusion of patients who are unlikely to respond to therapy. This could possibly lead to the appearance of a negative trial, when in fact a subgroup may have experienced a genuine benefit. With the enriched protocol design, only the responders are included in the randomized controlled trial, which may lead to a more accurate representation of the true effect and response of the treatment.
In the present study, subjects who received a second dose of BoNT-A in the second phase of the study had continued dramatic improvement in their pain scores, which was statistically significant compared to those who received placebo. Subjects who received placebo injections in the second phase of the study had worsening of their pain scores in the 12 weeks after the second injection. Given that the subgroup of patients included in the second phase of the study were responders to BoNT-A, this fact serves to support the statement that there is a true treatment effect and that the difference is not purely a placebo effect. This also may indicate that repetitive dosing of BoNT-A may be indicated to provide sustained pain relief in clinical practice.
Quality of life remains a very important secondary outcome to measure in chronic pain populations, and the results of this study suggest that BoNT-A reduces the interference of chronic pain in certain facets of everyday living. There was a reduction over the 26-week time period in the interference of chronic pain for general activity and sleep, as measured by BPI interference scores. Many other BPI interference scores (mood, work, and enjoyment) appear to trend with an improvement of a larger degree in the BoNT-A group compared to placebo over the 26-week time period. When the second phase of the study (week 12 to week 26) was analyzed for quality of life measures, there was a worsening in physical functioning in those subjects who received placebos compared to BoNT-A. All other quality of life measures, as measured by BPI interference scores and SF-36 scores, failed to show any significant improvement in the second phase of the study for those subjects who received BoNT-A. However, the trend toward improvement continued after a second injection.
Given that quality of life measures were secondary, hypothesis-generating outcomes, it is possible that the current study was not adequately powered to reveal associations across all quality of life measures. Substantial improvement was found in 2 BPI interference scores, and many interference scores were improved to a larger degree when compared to the placebo group. This trend suggests that BoNT-A may improve multiple facets of quality of life. Thus, further large-scale studies that are adequately powered to reveal associations for quality of life outcome measures are warranted to confirm this. It is also notable that most quality of life scores worsened for those who received placebo injection. This likely represents a decrease in the efficacy of the BoNT-A toxin over time and likely supports the notion that repetitive injections are necessary for continued and sustained improvement. Analysis of headaches as a secondary end point demonstrated that subjects who received a second dose of BoNT-A had a significantly decreased number of headaches per week compared to those who received placebo. However, it deserves mention that subjects who received placebo actually had an increase in the number of headaches per week compared to baseline, which may indicate that repetitive dosing of BoNT-A may be indicated to treat this condition.
Given the correlation of depression with chronic pain, there was concern for confounding of results due to underlying depression. 29 However, baseline Beck Depression scores were <13 in both placebo and BoNT-A groups, which correlates to minimal depression. 30 Because there was no significant depression in the study cohort, the likelihood of depression being a confounder of the results of this study is unlikely.
Adverse effects related to BoNT-A injections have been well reported in the literature and include excessive weakness of injected muscles, weakness of uninjected muscles through regional spread, weakness of remote muscles due to hematogenous spread, dry mouth, reduced sweating, reduced lacrimation, skin rash, flu-like illness, brachial neuritis-like syndrome, bruising, bleeding, and pain at injection site. [31] [32] [33] Most adverse effects are related to muscle weakness, either those injected or those nearby, which become weak due to local spread of the toxin. 34 The specific symptoms that arise tend to correlate to the region the toxin is injected. Injections in the neck can produce weakness of neck movement, difficulty holding up the head against gravity, difficulty swallowing, and weakness of the voice. In the present study, there was a low incidence of these well-described adverse effects, including flu-like illness (n = 9), arthralgias (n = 1), and fatigue (n = 4). Twenty-nine patients reported a mild and vague sensation of weakness in the neck; however, of these, 4 patients reported significant weakness. These 4 patients described the weakness sensation as being such that when they would bend forward to brush their teeth, they would have a sensation that their head was "flopping forward." All the patients who reported significant sensation of weakness in the neck were urgently seen and examined. None of these 4 patients, nor any of the patients in the present study, developed paralysis of any injected or uninjected muscles, and all had full range of motion and control. In patients who reported a sensation of weakness in the neck, the effects were transient and resolved within 7 to 10 days.
In patients with chronic pain, there are many outcomes by which treatment success can be measured. In the present study, pain scores and quality of life measures were used to determine proof-of-concept for the injection method used. In future studies, an outcome that would be of utmost importance to measure is the evaluation of medication usage (analgesics, topicals, and muscle relaxants) and its change with treatment. It would be expected for medication usage to decrease or cease upon successful treatment of myofascial pain. In addition, recovery of function (physical and mental) would be essential to measure in this population. Successful treatment of myofascial pain should yield improved physical functioning such as activity level and ability to work as well as improved mental functioning by way of enriched mood, interpersonal relationships, and sleep.
Prospective, placebo-controlled studies evaluating the efficacy of BoNT-A for the treatment of myofascial pain are limited, with contradicting results. Freund and Schwartz 35 performed a double-blind, randomized, placebo-controlled trial of direct trigger point injection in patients with chronic whiplash injuries, showing a significant reduction in pain and improved cervical range of motion 4 weeks after BoNT-A injection. Göbel et al. 36 performed a double-blind, randomized, placebo-controlled trial that showed significant improvement in pain levels 4 to 6 weeks after treatment using a single trigger point injection technique. A recent study by Benecke et al. 37 showed significant improvement in pain levels for patients receiving BoNT-A using a fixed-location injection technique; however, the authors note that the length of time to significant pain relief was longer in those who received the fixed-location injections compared to injection directly into trigger points. Miller et al. 38 performed a prospective, double-blind, placebo-controlled study using a "follow the pain" and fixed-location injection technique. They found a significant reduction in pain intensity that lasted for at least 2 months.
Wheeler et al. 39 performed a double-blind, randomized, placebo-controlled trial of direct trigger point injection without significant positive results after a single injection session. However, in that study, most patients only had BoNT-A injected into their trapezius muscle, with the remainder having injections into 7 different neck sites. Injection sites did not include the upper or middle cervical regions. Ojala et al. 40 performed a randomized, double-blind, placebo-controlled, crossover trial that showed no significant improvement in cervical and shoulder girdle myofascial pain syndrome. This study used small doses of BoNT-A (5 units per trigger point), which may have been too small to provide a clinical benefit.
A minority of the published data evaluating the efficacy of BoNT-A for myofascial pain have used trigger point injections with local anesthetic as the control treatment because these injections are the more common form of treatment. In a prospective crossover study by Graboski et al., 41 subjects received 25 units of BoNT-A or 0.5 mL of 0.5% bupivacaine in a maximum of 8 trigger points and after pain returned for at least 2 consecutive weeks with an additional 2 week "washout" period, received injections of the other substance. They found no statistically significant difference between the 2 treatments and deemed bupivacaine to be more cost-effective. Despite no clinical significance, there was a definite trend toward a greater decrease in pain and longer duration of action of BoNT-A. Possible limitations of this study leading to a negative result were a small sample size and the limited number of trigger points injected. Kamanli et al. 42 compared BoNT-A trigger point injections with dry needling and lidocaine injections. Pain scores were lower in subjects treated with BoNT-A and dry needling, and at a 4-week follow-up, the lidocaine and BoNT-A groups had significantly decreased visual analog scale scores. BoNT-A was not found to be inferior to lidocaine or dry needling in this study. Possible issues in the interpretation of the results of this study were that only a single trigger point was treated and the sample size per group was relatively low.
In conclusion, we examined the efficacy of BoNT-A, not only with respect to pain relief but also examined the constructs of postural analysis, health-related quality of life, disability, and headache. The results of the present study suggest that injection of BoNT-A into painful cervical and shoulder girdle muscle groups, as opposed to direct injection of painful trigger points, provides improvement in average pain scores, a reduction in the number of headaches per week, and improvement in certain facets of quality of life for at least 12 weeks. Furthermore, large-scale studies using the technique of injecting painful muscle groups instead of painful trigger points are warranted, given our aNesthesia & aNalgesia Efficacy of Botulinum Toxin Type A for Myofascial Pain positive findings. Further studies evaluating whether repetition of BoNT-A injections has a synergistic or additive effect may be of more than passing interest. 37 E DISCLOSURES Name: Andrea L. Nicol, MD, MS. Contribution: Dr. Nicol helped in data collection, data analysis, and manuscript preparation. Attestation: Dr. Nicol approved the final manuscript and attests to the integrity of the original data and the analysis reported in this manuscript. Name: Irene I. Wu, MD. Contribution: Dr. Wu helped in data collection and manuscript preparation. Attestation: Dr. Wu approved the final manuscript and attests to the integrity of the original data and the analysis reported in this manuscript. Name: F. Michael Ferrante, MD. Contribution: Dr. Ferrante helped in design and conduct of the study, data collection, data analysis, and manuscript preparation. Attestation: Dr. Ferrante approved the final manuscript, attests to the integrity of the original data and the analysis reported in this manuscript, and is the archival author. This manuscript was handled by: Spencer S. Liu, MD.
